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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a cleaning blade to be used for an image forming apparatus utilizing an 
electrostatic transfer process such as an electrophotographic copying machine, a laser-beam printer, a facsimile ma- 
chine and the like. 

Related Background Art 

[0002] The electrophotographic copying machine and the laser-beam printer allow toners to adhere on an electro- 
static latent image formed on a photosensitive drum and transfer them on a copying paper, thereby performing the 
copying. As one of the methods of eliminating the toners remained on the photosensitive drum after the copying, a 
cleaning blade method has been put to practical use. 

[0003] Heretofore in the past, as a material to be used for this cleaning blade, polyester system urethane elastomer 
excellent in mechanical strength such as abrasion resistance and the like and having little or no creeping property 
(permanent deformation due to abutting stress), of which thermosetting property polyurethane resin has been used. 
[0004] In general, the cleaning blade is often installed in a counter direction to rotation of the photosensitive drum 
and its mechanism is such that a free length of the cleaning blade is shrunk by rotation of the photosensitive drum and, 
by its stress, the photosensitive drum is strongly rubbed so that the residual toners are scratched off. 
[0005] In the case where such a mechanism is adopted, accompanied with the recent speeding up of the electro- 
photographic process, when the circumferential speed of the photosensitive drum increases, a force to shrink the free 
length of the cleaning blade is strengthened and a shrinkage width thereof also increases so that the rubbing becomes 
often unstable. In order to maintain this shrinkage width adequately, it is necessary to reduce a loss factor of viscoe- 
lasticity of a cleaning blade member. That is, it is necessary to effectively use the energy which was given when the 
cleaning blade was shrunk at the time when the cleaning blade was about to restore its original length. In this way, it 
can be considered that the shrinkage width of the free length of the cleaning blade is adequately maintained for the 
high circumferential speed of the photosensitive drum and a bounding can be prevented. For this reason, the elastomer 
material to be used for the cleaning blade is necessary to have a molecular structure to optimize a ratio of the dynamic 
elasticity and the dynamic viscosity. 

[O006] From such a viewpoint, for example, it is described in Japanese Patent Application Laid-Open No. 11 -1 53934 
that urethane group concentration in specific polyester system urethane elastomer and trimethylolpropane ramification 
group concentration are limited to a certain range to optimize a ratio of the elasticity and the viscosity of the component, 
and consequently, a cleaning blade having no bounding nor noise can be produced even at high process speed. 
[0007] In general, urethane elastomer has a polyester molecular chain crystallized under low temperatures and en- 
hanced in its hardness. For this reason, arrangement and orientation of the polyester chain is randomized, so that 
crystallinity of the polyester molecular chain is lowered, and crystallized temperature is reduced to give enough rubber 
elastfcity even under low temperature ranges. 

[0008] On the other hand, in recent years, high image quality and a full coloration of the electrophotographic copying 
machines and laser-beam printers have been advanced and, accompanied therewith, minuteness and sphericity of 
the toners have been advancing. 

[0009] When minute toners and spherical toners are cleaned by the cleaning blade, it is necessary to control defor- 
mation of the cleaning blade smaller than usual. Accordingly, it is necessary to make a stress at the low deformation 
time larger than usual. In order to restore the original form from the deformation, it is also necessary to lower the 
dynamic viscosity of the rubber since the viscosity of the rubber prevents the restoration. 

[0010] From such a viewpoint, it is described in Japanese Patent Application Laid-Open No. 11 -2651 34 that, by using 
polyesterpolyol constituting urethane rubber of at least not less than two types, the crystal structure of polyester is 
disintegrated and the dynamic viscosity is controlled to a low level, thereby producing the cleaning blade having a 
strong property to return to the original form. 

[0011] In addition to the above-described situation, in recent LBP and copying machines, while high durability has 
been pursued, necessity to form high definition image has been also increased. For this reason, it is necessary to 
further make the toners minute and, at the same time, make a thickness of the surface layer of the photosensitive drum 
thinner. Accordingly, it is necessary for the cleaning blade to be able to satisfactorily clean the minute toners and lowly 
control abrasion of the photosensitive drum and have high durability by itself. 

[0012] As an example not to give damage on the surface of the photosensitive drum, it is described in Japanese 
Patent Application Laid-Open No. 7-98558 that the cleaning blade having a relatively low hardness of 60" to 75** in JIS 
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- A standard (equivalent to 62° to 78° in the international rubber hardness (IRHD)) is good for abrasion of the photo- 
sensitive drum. However, as for abrasion of the photosensitive drum, Information is not yet enough and further im- 
provement is strongly desired. 

5 SUMMARY OF THE INVENTION 

[0013] In view of the above-described situation, it is the object of the present invention to control a chipped edge of 
the cleaning blade and lower abrasion of the photosensitive drum and obtain a good image with improved durability. 
[001 4] According to the present invention to achieve the above-described object, in a cleaning blade mainly installed 

10 in an electrophotographic apparatus and mainly comprising polyurethane resin to rub and eliminate residual toners, 
the cleaning blade is provided, wherein at least prepolymer to be obtained from butylene adipate polyester polyol, 
hexylene adipate polyester polyol and polyisocyanate and a hardening agent including polyol of low molecular weight 
and potassium acetate are mixed and hardened, so that a mol ratio (a value) of the hydroxyl group to the isocyanate 
group becomes not less than 0.7 and not more than 0.9. 

15 [0015] Further, in the cleaning blade mainly installed in the electrophotographic apparatus and mainly comprising 
polyurethane resin to rub and eliminate residual toners, the cleaning blade is provided, wherein prepolymer to be 
obtained from at least either one of butylene adipate polyester polyol or hexylene adipate polyester polyol and polyiso- 
cyanate and the hardening agent including at least either one of butylene adipate polyester polyol or hexylene adipate 
polyester polyol and polyol of low molecular weight and potassium acetate are mixed and hardened so that both of 

^0 butylene adipate polyester polyol and hexylene adipate polyester polyol are included and a mol ratio (a value) of the 
hydroxyl group to the isocyanate group becomes not less than 0.7 and not more than 0.9. 

[0016] The present invention disintegrates crystallinity of polyurethane resin obtained by using a plurality of polyester 
polyols. so that a desired viscoelasticity characteristic can be secured. By using jointly potassium acetate and universal 
catalyst from among temperature sensitive catalysts, trimeric reaction of polyisocyanate is promoted and this Is taken 

25 into polyurethane resin. As a result, polyurethane resin which is low in hardness, small In elongation and large in 
modulus in a low deformed region is obtained. Further, prepolymer and the hardening agent are mixed with an equiv- 
alent ratio (a value) of the hydroxyl group to the isocyanate group within a range of 0.7 to 0.9 so that polyurethane 
resin which is low in hardness, small in elongation and large in modulus in a low deformed region Is obtained. 
[0017] As a result, the cleaning blade which Is low in hardness, high in modulus and small in elongation is obtained 

30 so that deformation and tumover of the top end of the cleaning blade can be lowly controlled and abrasion of the 
photosensitive dmm can be lowly controlled, thereby controlling the chipping off of the top end of the blade. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 [0018] 

FIG. 1 is a typical sectional view to explain a cleaning blade of the present invention. 
FIGS. 2A, 2B and 2G are typical sectional views to explain a conventional cleaning blade. 

"^0 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 9] As for a forming method of the cleaning blade accorcling to the present invention, many methods can be cited 
such as an one-shot method wherein polyol of high molecular weight such as butylene adipate polyester polyol and 
hexylene adipate polyester polyol, polyisocyanate. a crosslinking agent and catalyst are mixed at the same time and 

45 Injected into a metal mold or a centrifugal fonning cylindrical metal mold so as to be molded; a prepolymer method 
wherein polyol of high molecular weight and polyisocyanate are pre-reacted so as to become prepolymer and, after 
that, it is mixed with a crosslinking agent and a catalyst and the like and Injected into a metal mold or a centrifugal 
fonning cylindrical metal mold so as to be molded; a semi-one shot method wherein semi-prepolymer in which polyol 
of high molecular weight is reacted with polyisocyanate, a crosslinking agent and a hardening agent in which polyol of 

so high molecular weight is mixed are mixed and injected into a metal mold or a centrifugal forming cylindrical metal mold 
to be molded and the like. 

[0020] Particularly, in order to produce a desired cleaning blade, it is necessary to optimize the condition of each 
step and the blade can be satisfactorily produced by a method comprising the steps of: 

55 preparing prepolymer. wherein at least butylene adipate polyester polyol of not less than 1 part by weight and not 

more than 99 parts by weight having at least not less than 1000 and not more than 3000 in a number-average 
molecular weight, hexylene adipate polyester polyol of not less than 1 part by weight and not more than 99 parts 
by weight having not less than 1000 and not more than 3000 in the number-average molecular weight, and not 
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less than 1 .8 mol times and not more than 5.2 mol times 4,4'*diphenylmethane diisocyanate of the total amount 
of the butylene adipate polyester polyol and the hexylene adipate polyester polyol are reacted with NCO% of not 
less than 5% and not more than 8%; 

preparing a hardening agent (on condition that the blending amount of the potassium acetate are not less than 
5 3.5 weight ppm and not more than 140 weight ppm of total amount of the prepolymer and the hardening agent, 

and the blending amount of triethylenediamine are not less than 18 weight ppm and not more than 715 weight 
ppm of the total amount of the prepolymer and the hardening agent) which includes at least 1 ,4-butanediol of not 
less than 20 parts by weight and not more than 80 parts by weight, trimethylol propane of not less than 20 parts 
by weight and not more than 80 parts by weight, potassium acetate and triethylenediamine; and 
10 mixing and hardening the prepolymer of 100 parts by weight and the hardening agent of not less than 3.7 parts 

by weight and not more than 7.8 parts by weight so that a mol ratio (a value) of the hydroxy I group to the isocyanate 
group becomes not less than 0.7 and not more than 0.9. 

[0021] Note that NCO% means an isocyanate group content and is an isocyanate functional group (NCO, a molecular 
IS weight is counted as 42) which is included in 1 0Og of prepolymer and counted by the following formula: 

NCO% = (weight g of isocyanate functional 
2Q group/1 OOg) x 100 

[0022] Further, as an optimized condition to produce a desired cleaning blade, the blade can be produced satisfac- 
torily by a method including the steps of: 

25 preparing prepolymer wherein at least either one of butylene adipate polyester polyol having not less than 1 000 

and not more than 3000 in the number-average molecular weight or hexylene adipate polyester polyol having not 
less than 1 000 and not more than 3000 in the number-average molecular weight and not less than 2.5 mol times 
and not more than 14.4 mol times 4,4'-diphenyimethane diisocyanate of the total amount of the butylene adipate 
polyester polyol and the hexylene adipate polyester polyol are reacted with NCO% of not less than 8% and not 

30 more than 20%; 

preparing a hardening agent (on condition that the blending amount of the potassium acetate are not less than 
3.5 weight ppm and not more than 1 40 weight ppm of the prepolymer and the hardening agent, and the blending 
amount of triethylenediamine are not less than 18 weight ppm and not more than 715 weight ppm of the total 
amount of the prepolymer and the hardening agent) which includes at least either one of butylene adipate polyester 
35 polyol having not less than 1000 and not more than 3000 in the number-average molecular weight or hexylene 

adipate polyester polyol having not less than . 1000 and not more than 3000 in the number-average molecular 
weight, 1 ,4-butanediot of not less than 20 parts by weight and not more than 80 parts by weight, trimethylolpropane 
of not less than 20 parts by weight and not more than 80 parts by weight, potassium acetate and triethylenediamine, 
and 

40 mixing and hardening the prepolymer of 1 00 parts by weight, the hardening agent of not less than 6 parts by weight 

and not more than 130 parts by weight so that both of the butylene adipate polyester polyol of not less than 1 part 
by weight and not more than 99 parts by weight and the hexylene adipate polyester polyol of not less than 1 part 
by weight and not more than 99 parts by weight are included and a mol ratio (a value) of the hydroxyl group to the 
isocyanate group becomes not less than 0.7 and not more than 0.9. 

45 

[0023] Note that the number-average molecular weight of the butylene adipate polyester polyol which is used for 
preparation of prepolymer and the number- average molecular weight of the butylene adipate polyester polyol which 
is used for preparation of the hardening agent may be the same or different, which is selected by the desired cleaning 
blade. 

so [0024] Similariy, the number-average molecular weight of hexylene adipate polyester polyol which is used for prep- 
aration of prepolymer and the number-average molecular weight of the hexylene adipate polyester polyol which is used 
for preparation of the hardening agent may be the same or different, which is selected by the desired cleaning blade. 
[0025] The present inventors have made a wider and a deeper study of compounding of polyester polyol and hard- 
ening catalysts and found that, by using a blend system of butylene adipate system polyester polyol and hexylene 

55 adipate system polyester polyol, viscosity can be controlled to a low level and, by using potassium acetate as a hard- 
ening catalyst, a low deformation modulus can be made larger by low hardness and, by controlling a hydroxyl group/ 
isocyanate group equivalent ratio (a value) to a low level, elongation can be made smaller, thereby leading to the 
achievement of the present invention. 
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[0026] That Is. by using jointly specific polyester polyols. materials design is made so that arrangement and orien- 
tation of molecular chains of the polyester polyol are randomized so that a peak value of tan 5 is shifted to a low 
temperature range by a material improved in crystalline resistance and. further the peak value of tan 5 is reduced. As 
a result, it v^as found that the stress is larger at low hardness at a low deformation time, and rubber elasticity is enough 
5 even under low temperatures, and even at high speed process, chipping off of the edge of the cleaning blade can be 
controlled and abrasion of the photosensitive drum can be reduced and a good image can be obtained with good 
durability, thereby leading to the achievement of the present invention. 

[0027] Hence, the cleaning blade according to the present invention Is suitably installed on the electrophotographic 
apparatus as a cleaning member of the toners remaining on a toner bearing member such as the photosensitive drum, 
10 a transfer belt and an intermediate transfer member. 

[0028] Hereinafter, a preferred embodiment of the present invention will be described. 

[0029] FIG. 2A shows a cleaning blade 10 comprising a support member 40. FIG. 2B shows the cleaning blade 10 
which is abutted against a photosensitive drum 50 by a sliding surface 20 and is in a state of being deformed from a 
shape shown by a broken line to a shape shown by a continuous line. When the photosensitive drum 50 is rotated in 
IS an an-ow marked direction in this state as shown in FIG. 2C, there are sometimes occasions when the top end of the 
cleaning blade 10 is pulled In a rotational direction of the photosensitive drum 50 at an abuning portion 60, and a cut 
plane 30 is rolled up and the top end of the cleaning blade 10 is turn over. Note that the cut plane means a surface, 
which is not the sliding surface 20 from among two surfaces which nip an abutting end portion of the cleaning blade.' 
[0030] When the cleaning blade is turn over, abutting pressure remarkably increases so that abrasion of the photo- 
20 sensitive drum becomes severer. Hence, a material which does not cause the turnover of the cleaning blade is required. 
[0031] The turnover of the cleaning blade is caused by a balance between strength of the friction between the pho- . 
tosensitive drum and the cleaning blade and stress of the defonning time of the cleaning blade. In order not to cause 
the tu mover of the cleaning blade, it is necessary either to reduce the friction or to make low deformation modulus 
(100% and 200% modulus) of the blade larger. 
25 [0032] Durability of the cleaning blade Is detemnlned depending on various factors. When the cleaning blade is 
chipped off, the toners pass through there and a life of the cleaning blade often expires. Although there are various 
sizes of chips, the mechanism to form a large-sized chip leading to a cleaning failure is conceivable In such a manner 
that, when the top end of the cleaning blade counter-abutting turns over and the cut plane is put into a state of sliding 
on the photosensitive drum, the cut plane wears away with an edge end put In a state of being elongated and It Is 
contracted so as to be chipped. The larger the elongation is. the larger the chip is. Accordingly, a material is required, 
wherein elongation is smaller and low defomiation modulus is larger. 

[0033] It is described in Japanese Patent No. 027401 23 that, when a modulus is raised to 300%. even if the top end 
turns over, the chip can be controlled due to mechanical strength. However, in order to produce the cleaning blade 
which can restore itself when the edge is pulled by the photosensitive drum so as not to turn over and yet is strong 
enough to be chipped, it is considered important that the elongation is smaller and the low deformation modulus is larger. 
[0034] Further, in order to help return to an original shape by stress at the defonmation time, a blade material having 
a low dynamic viscosity is required. This Is because, when the dynamic viscosity is high, an original shape returning 
operation by stress is prevented. 

[O035] From such a viewpoint as described above, the intematlonal rubber hardness (IRHD) of the cleaning blade 
is preferably not less than Wallace hardness 63* and not more than 74". and the 100% modulus (pulling stress) is 
preferably not less than 2.8 MPa and not more than 5.0 MPa, and the 200% modulus Is preferably not less than 6.0 
MPa and not more than 18.0 MPa, and the elongation is preferably not less than 200% and not more than 300%, and 
a peak temperature of tan 5 of a viscoelasticity characteristic measured at 10 Hz is preferably not less than -5*»C and 
not more than 1 0'C. 

[0036] Further, the peak value of tan 6 of the viscoelasticity characteristic is preferably not more than 0.95, more 
preferably not more than 0.9 and still more preferably not more than 0.8. In this case, in the high speed process, when 
the top end of the cleaning blade is about lo turn over. It Is possible to help restore the original form without preventing 
the stress to be generated. 

[0037] When the cleaning blade as described above is used, as shown in FIG. 1 , it is prevented that, at the abutting 
portion 70, the top end of the cleaning blade 10. is pulled toward a rotational direction of the photosensitive drum 50 
with the cutting plane rolled up and the top end of the cleaning blade turns over. 

[0038] As high molecular weight polyol to be used for producing such a cleaning blade, polybutylene adipate system 
polyol and polyhexylene adipate system are jointly used. First, these high molecular weight polyol and polyisocyanate 
are reacted to prepare prepolymer rich In isocyanate. Next, this prepolymer is agitatedly mixed with a hardening agent 
including potassium acetate and triethylenediamine (TEDA) as a catalyst into 1 ,4-butanediol (1.4BD) and 1.1.1-trl- 
methylolpropane (TMP). and is injected into a preheated metal mold and subjected to a hardening processing. * 
[0039] In order to prepare the cleaning blade Integrated with the support member, a method can be adopted such 
as wherein the support member coated in advance with a bonding agent Is inserted into the metal mold and, then, 
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mixed liquid is injected or wherein the mixed liquid is injected into a cylindrical metal mold to prepare a sheet-like 
urethane hardened member, which is cut into a blade shape and, then, joined with the support member. 
[0040] Note that the cleaning blade may or may not comprise the support member. 

[0041] As for the joint use of polybutylene adipate system polyol and polyhexylene adipate system polyol, the weight 
5 ratio thereof is preferably 99:1 to 1 :99, and more preferably 95:5 to 5:95, and still more preferably 90:10 to 50:50 from 
a viewpoint of sufficiently disintegrating the crystallinity of polyesterpolyol. 

[0042] Further, the molecular weight of polyesterpolyol is preferably not less than 1000 in a viewpoint of obtaining a 
high performance cleaning blade, and preferably not more than 3000 in a viewpoint of lowering the viscosity of a raw 
material and realizing good processing characteristics. 
10 [0043] As for polyisocyanate, 4,4-diphenylmethane diisocyanate (MDI) is preferable, but the following compounds 
can be also used. 

[0044] For example, diisocynates such as 1 .5-naphthalene diisocyanate, 3,3-dimethyl phenyldiisocyanate, 4,4'-dj- 
cyclohexyl methane diisocyanate, p-phenylene diisocyanate, isophorone diisocyanate^ carbodiimide modified MDI, 
xylene diisocyanate, dimethyl diisocyanate, trimethyl hexamethylene diisocyanate, tolylene diisocyanate, naphthylene 
>5 diisocyanate, paraphenylene diisocyanate, hexamethylene diisocyanate, polymethylenephenyl polyisocyanate and the 
like are used. 

[0045] When the hardening agent Is prepared, a bivalent low molecular weight polyol as a chain-lengthening agent 
and low molecular weight polyo! of not less than trivalent as a cross-linking agent are Jointly used. As for the bivalent 
low molecular weight polyol, a low molecular weight diol (bivalent low molecular weight polyol) such as ethylene glycol, 

20 diethylene glycol, propylene glycol, dipropylene glycol, 1 ,4-butanediol, hexane diol, neopenthyl glycol, 1 ,4-cyclohexane 
diol. 1 ,4-cyclohexane dimethanol xylene glycol, triethylene glycol and the like are used. As for low molecular weight 
polyol of not less than trivalent, 1.1 ,1-trimethylolpropane, glycerine, pentaerythritol, sortDitol and the like are used. 
[0046] From among which, 1 ,4-butanediol and 1 ,1 ,1-trimethytolpropane are mixed and used by being mixed and 
agitated with prepolymer. The weight ratio of the mixing of 1 ,4-butanediol and 1 ,1 ,1-trimethylolpropane is preferably 

25 20:80 to 80:20, and more preferably 50:60 to 80:20. When 1 .4-butanediol is within the above-described range, per- 
manent deformation can be reduced, and when the 1 ,1,1-trimethylolpropane is within the above-described range, 
sufficient tear strength can be realized. 

[0047] As for the catalyst, potassiurri acetate and triethylenediamine (TEDA) as occasion demands are used. Note 
that potassium acetate in a powder state can be added even. Solution with potassium acetate dissolved in ethylene 
30 glycol may also be added. Particularly in the case of ethylene glycol solution, ethylene glycol also functions as low 
molecular weight polyol. 

[0048] As for the product names of these catalysts, there are such as PI 5 (made by Sankyo Air Products Co., Ltd., 
which dissolved potassium acetate into ethylene glycol with potassium acetate 38.4 % by weight) and DABCO (Crystal) 
(made by Sankyo Air Products Co., Ltd., powder of triethylenediamine). 

35 [0049] Note that potassium acetate is one type of temperature sensitive catalysts. The temperature sensitive catalyst 
means a catalyst which shows scarcely any sign of activity until the temperature of heat-hardening resin reaches a 
predetermined value and rapidly expedites an reaction beyond that temperature. When the temperature sensitive cat- 
alyst is used, since the progress of a reaction is slow below a predetermined temperature, flow properties are good 
and the injection into a die can be satisfactorily performed. After that, when the raw material inside the die rises in 

40 temperatures, activity of the temperature sensitive catalyst increases to rapidly expedite the hardening reaction so that 
a production efficiency can be improved as a whole. 

[0050] Further, potassium acetate is referred to as a trimeric reaction catalyst, which combines three moleculars of 
isocyanate and expedites a formation of isocyanurate which is a six-member ring compound. As a secondary reaction, 
an urethane reaction is also expedited. Note that PI 5 Is known as the catalyst which exceedingly expedites the trimeric 

45 reaction from among the trimeric catalysts. The reason why the low deformation modulus is strong Is because the 
product of the trimeric reaction Is assumed to be taken into polyurethane resin at high proportion. 
[0051] Note that the used amount of PI 5 is preferably not less than 100 weight ppm and not more than 2000 weight 
ppm in the hardening agent, and more preferably not less than 300 weight ppm and not more than 1000 weight ppm. 
[0052] Furthermore, since P1 5 has temperature sensitivity, when TEDA effective from low temperatures and the like 

50 are jointly used, hardening reaction is expedited by TEDA immediately after the injection at low temperature time. After 
that, the temperatures of the raw material are raised so that the expedition of the subsequent reaction can be handed 
over to P15. 

[0053] In addition, a mixing ratio of prepolymer and the hardening agent is set so that an equivalent ratio (a value) 
of the hydroxyl group to the isocyanate group becomes not less than 0.7 and not more than 0.9. That Is, by allowing 
55 the isocyanate group to exist excessively, not only the above-described isocyanurate ring, but also an allophanate 
bond are formed and, therefore, the product is taken into polyurethane resin at high proportion and crosslink density 
is enhanced and elongation is made smaller. Also the modulus at the low defomnation time is made larger. 
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EXAMPLES 

[0054] Hereinafter, the present invention will be described further in detail with reference to examples. It is to be 
understood, however, that these examples will not limit the present invention and. unless specified otherwise, reagents 
5 used are those having high purity available in the market. 

Example 1 

[0055] Polybutyleneadipate of 900 parts by weight of the number-average molecular weight 2000 (BA, product name: 

10 NIPPORANE 4010, made by Nippon Polyurethane Industry Co.. Ltd.) and polyhexyleneadipate of 100 parts by weight 
of the number-average molecular weight 2000 (HA, product name: NIPPORANE 4073, made by Nippon Polyurethane 
Industry Co., Ltd.) were mixed, which was reacted with 426 parts by weight of 4.4'-diphenylmethane diisocyanate (MDI) 
for two hours at 80^C under nitrogen ambient atmosphere, so that prepotymer with NCO% at 7% was prepared. 
[0056] On the other hand. 1 .4-butanediol (1 ,4BD) and trimethylolpropane (TMP) were mixed at a weight ratio of 65: 

^5 35, to which the product name: PIS (made by Sankyo Air Products Co., Ltd., which dissolved potassium acetate into 
ethylene glycol, and the concentration of potassium acetate is 38.4 % by weight) as a catalyst and triethylenediamine 
(TEDA) were added, thereby preparing the hardening agent. Note that the blending amount of PI 5 to the total amount 
of prepolymer and the hardening agent were taken as 50 weight ppm. Hence, the blending amount of potassium acetate 
were taken as 19.2 weight ppm. Further, the blending amount of triethylenediamine (TEDA) to the total amounl of 

20 prepolymer and the hardening agent were taken as 1 70 weight ppm. 

[0057] The above-described prepolymer of 100 parts by weight and the above-described hardening agent of 5.99 
parts by weight were mixed so that the composition having 0.8 in a value (the mol number of OH group/the mol number 
of NCO group) was prepared. This composition was injected into the metal mold which was preheated at ISO^'C and 
taken out from the metal mold after the hardening reaction of five minutes. After that, the hardened member obtained 

25 was cut into a predetemiined size to obtain the cleaning blade. 

[0058] When the International rubber hardness (IRHD) of the obtained cleaning blade was measured by using a 
Wallce micro hardness tester (made by H. W. WALLCE CORP.) in conformity to JIS K 6253, it was 70*'. 
[0059] Further, when a JIS-No. 3 dumbbell was prepared by punching the obtained cleaning blade and tensile char- 
acteristics were measured by a tension speed of 500 mnn/min, the 100% modulus was 3.1 MPa and the 200% modulus 

30 was 9.1 MPa, while a degree of elongation was 265% when the dumbbell was broken. Note that it was not possible 
to measure the 300% modulus since elongation was below 300%. 

[0060] Furthennore. when a viscoelastic characteristics tan 6 was measured by using RSA-II made by RHEOMET- 
RICS CORP. under the condition of 1 0 Hz, a peak temperature was 1 .7''C and a peak value was 0.86. 
[0061] In addition, the above-described cleaning blade was mounted on a color LBP mounted with a photosensitive 
35 drum of 30 mm diameter which Is coated with polycarbonate having a surface layer of 20 (im. and a printing test of 
20,000 sheets by A4 size paper was conducted. After that, an average depth of the edge chip of the cleaning blade 
was 2 fim. The chipped amount of the photosensitive drum was 5 itm. 

[0062] From the above, it was found that, since the turnover and the edge chipping of the cleaning blade were 
controlled and abrasion of the photosensitive drum was reduced, a good image with good durability could be obtained. 
40 The obtained result is shown in Table 1 . 

Examples 2 and 3 

[0063] Except that the weight ratio of BA:HA was changed as shown in Table 1 , the cleaning blade was prepared 
"fs and estimated similarly to the Example 1 . As a result, It was found that since the edge chipping and the turnover of the 
cleaning blade were controlled and abrasion of the photosensitive drum was reduced, a good image with good durability 
could be obtained. The obtained result is shown In Table 1 . 

Examples 4 and 5 

so 

[0064] Except that the a value was changed as shown in Table 1 , the cleaning blade was prepared and estimated 
similarly to the Example 1 . As a result, it was found that since the edge chipping and the turnover of the cleaning blade 
were controlled and the abrasion of the photosensitive drum was reduced, a good image with good durability could be 
obtained. The obtained result is shown in Table 1 . 
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Table 1 



10 



15 



20 





Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


BA:HA (Weight ratio) 


9:1 


5:5 


1:9 


9:1 


9:1 


PI 5 (Weight ppm) 


50 


50 


50 


50 


50 


TEDA (Weight ppm) 


170 


170 


170 


170 


170 


a value 


0.8 


0.8 


0.8 


0.7 


0.9 


IRHD (^) 


70 


68 


68 


72 


66 


100% modulus (MPa) 


3.1 


3.0 


2.9 


3.6 


2.8 


200% modulus (MPa) 


9.1 


6.3 


6.2 


15.7 


6.2 


Elongation (%) 


265 


270 


280 


223 


295 


tan d peak temperature (**C) 


1.7 


2.1 


2.5 


0 


0.8 


tan S peak value 


0.86 


0.88 


0.88 


0.85 


0.95 


Blade chip (^.m) 


2 


3 


3 


1 


4 


Chipped amount of drum (^m) 


5 


5 


4 


7- 


4 


Image 


Good 


Good 


Good 


Good 


Gooci 



25 



30 



35 



40 



45 



50 



Example 6 

[0065] Polybutyleneadipate (BA, product name: NIPPORANE 4010 made by Nippon Polyurethane Industries Co., 
Ltd.) of 900 parts by weight of the number-average molecular weight 2000 and polyhexyleneadipate (HA, product 
name: NIPPORANE 4073 made by Nippon Polyurethane Industries Co., Ltd.) of 100 parts by weight of the number- 
average molecular weight 2000 were mixed, which was reacted with 4,4'-diphenylmethanediisocyanate (MDI) of 1293 
parts by weight at 80*'C for two hours under nitrogen ambient atmosphere, and prepolymer with NCO% at 1 7.0% was 
prepared. 

[0066] On the other hand, the above-described polybutyleneadipate of 900 parts by weight, the above-described 
polyhexyleneadipate of 1 00 parts by weight. 1 .4-butanediol (1 ,4BD) of 82.8 parts by weight, trimethylolpropane (TMP) 
of 44.6 parts by weight, the product name: PI 5 (made by SANKYO AIR PRODUCTS. Co.. Ltd., potassium acetate 
was dissolved into ethylene glycol and the concentration of potassium acetate is 38.4 % by weight) as a catalyst and 
triethylenediamine (TEDA) were mixed and a hardening agent was prepared. Note that the blending amount of PI 5 to 
the total amount of prepolymer and the hardening agent are taken as 50 weight ppm. Hence, the blending amount of 
potassium acetate were taken as 1 9.2 weight ppm. Further, the blending amount of triethylenediamine (TEDA) to the 
total amount of prepolymer and the hardening agent were taken as 170 weight ppm. 

[0067] The above-described prepolymer of 100 parts by weight and the above-described hardening agent of 100 
parts by weight were mixed and a composition, of which the a value (mol number of OH group/mol number of NCO 
group) is 0.8, was prepared. This composition was injected into the metal mold which was preheated at 130^*0 and 
taken out from the metal mold after the hardening reaction of 5 minutes. After that, the obtained hardened member 
was cut into a predetermined size to obtain the cleaning blade. 

[0068] The International rubber hardness (IRHD) of the obtained cleaning blade was 69**. 

[0069] Further, the 100% modulus was 3.3 MPa, the 200% modulus was 9.4 MPa and the elongation was 250%. 
[0070] Furthemnore, when the tan 5 was measured at 1 0 Hz, the peak temperature was -1 .4*C and the peak value 
was 0.82. 

[0071] In addition, when a mounting test was conducted similarly to the Example 1 , an average depth of the chipped 
edge of the cleaning blade was 1 ^.m. At this time, the chipped amount of the photosensitive drum was 4 [nm. 
[0072] From the above, it was found that, since the turnover and the edge chipping of the cleaning blade were 
controlled and abrasion of the photosensitive drum was reduced, a good image with good durability could be obtained. 



55 



Comparative Example 1 

[0073] Except that HA is not used, the cleaning blade was prepared and estimated similarly to the Example 1. In 
contrast to the Example 1, the peak temperature of tan 6 was high, a chipped amount of the blade was large and 
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streaks were produced in the image. The obtained result is shown in Table 2. 
Comparative Example 2 

5 [0074] Except that BA is not used, the cleaning blade was prepared and estimated similarly to the Example 1 . In 
contrast to the Example 1, the peak temperature of tan 5 was high, a chipped amount of the blade was large and 
streaks were produced in the image. The obtained result is shown in Table 2. 

Comparative Example 3 

10 

[0075] Except that P15 is not used, the cleaning blade was prepared and estimated similarly to the Example 1 . In 
contrast to the Example 1 , IRHD was high, a chipped amount of the drum was large and streaks were produced in the 
image. The obtained result is shown in Table 2. 

15 Comparative Example 4 

[0076] Except that the a value is taken as 0.65, the cleaning blade was prepared and estimated similarly to the 
Example 1 . In contrast to the Example 1 , IRHD was high, a chipped amount of the drum was large and streaks were 
produced in the image. The obtained result is shown in Table 2. 

20 

Comparative Example 5 

[0077] Except that the a value is taken as 0.95, the cleaning blade was prepared and estimated similarly to the 
Example 1 . In contrast to the Example 1 , 100% modulus and 200% modulus were low, a chipped amount of the blade 
2s was large and streaks were produced in the image. The obtained result is shown in Table 2. 



Table 2 



30 




Comparative 
Example 1 


Comparative 
Example 2 


Comparative 
Example 3 


Comparative 
Example 4 


Comparative 
Example 5 




BA:H A (Weight 

ratio) 


10:0 


0:10 


9:1 


9:1 


9:1 


35 


PI 5 (Weight 
ppm) 


50 


50 


0 


50 


50 




TEDA (Weight 
ppm) 


170 


170 


170 


170 


170 




a value 


0.8 


0.8 


0.9 


0.65 


0.95 


40 


IRHD n 


71 


70 


79 


75 


67 




100% modulus 
(MPa) 


3.3 


3.2 


4.5 


4.0 


2.5 


45 


200% modulus 
(MPa) 


9.6 


9.0 


8.2 


16.5 


5.5 




Elongation (%) 


250 


260 


318 


180 


360 


SO 


tan 5 peak 

temperature 

(-C) 


5.5 


6.0 


-1,6 


-0.9 


2.5 




tan 6 peak 
value 


0.90 


0.92 


0.83 


0.85 


0.98 


55 


Blade chip 
(M-m) 


7 


7 


2 


2 


7 




Chipped 
amount of 
drum (fim) 


5 


5 


14 


13 


3 
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Table 2 (continued) 







Comparative 
Example 1 


Comparative 
Example 2 


Comparative 
Example 3 


Comparative 
Example 4 


Comparative 
Example 5 


5 


Image 


Streaks 


Streaks 


Streaks 


Streaks 


Streaks 



[0078] A cleaning blade 1 0 mainly has polyurethane resin, which is mainly installed in an electrophotographic appa- 
ratus and rubs and eliminates residual toners control chipping of a top end 70 of the cleaning blade and reduces an 
abrasion of a photosensitive drum 50. The cleaning blade is prepared by mixing and hardening at least prepolymer 
which is obtained from butylene adipate polyester polyol, hexylene adipate polyester poiyol and polyisocyanate and 
the hardening agent including low molecular weight polyol and potassium acetate so that a mol ratio (a value) of 
hydroxyl group to isocyanate group becomes not less than 0.7 and not more than 0.9. 



Claims 



1. A cleaning blade mainly installed in an electrophotographic apparatus and mainly comprising polyurethane resin 
to rub and eliminate residual toners, 

the cleaning blade being obtained In such a manner that at least prepolymer to be obtained from butylene 
adipate polyester polyol, hexylene adipate polyester polyol and polyisocyanate and a hardening agent including 
low molecular weight polyol and potassium acetate are mixed and hardened so that a mol ratio (a value) of hydroxyl 
group to isocyanate group becomes not less than 0.7 and not more than 0.9. 

2. A cleaning blade mainly installed in an electrophotographic apparatus and mainly comprising polyurethane resin 
to rub and eliminate residual toners, 

the cleaning blade to be obtained in such a manner that prepolymer to be obtained from at least either one 
of butylene adipate polyester polyol or hexylene adipate polyester polyol and polyisocyanate and 

the hardening agent including at least either one of butylene adipate polyester polyol or hexylene adipate 
polyester polyol and low molecular weight polyol and potassium acetate are mixed and hardened so that both 
butylene adipate polyester polyol and hexylene adipate polyester polyol are included and a mol ratio (a value) of 
hydroxyl group to isocyanate group becomes not less than 0.7 and not more than 0.9. 



3. A cleaning blade mainly installed in an electrophotographic apparatus and mainly comprising polyurethane resin 
to rub and eliminate residual toners, 

the cleaning blade to be obtained in such a manner that prepolymer of 100 parts by weight to be obtained 
by allowing at least butylene adipate polyester polyol of not less than 1 part by weight and not more than 99 parts 
by weight having not less than 1000 and not more than 3000 in the number-average molecular weight, hexylene 
adipate polyester polyol of not less than 1 part by weight and not more than 99 parts by weight having not less 
than 1 000 and not more than 3000 in the number-average molecular weight and 4,4'-diphenylmethane diisocyanate 
having not less than 1 .8 mol times and not more than 5.2 mol times the total amount of the butylene adipate 
polyester polyol and the hexylene adipate polyester polyol to react with NCO% not less than 5% and not more 
than 8% and 

the hardening agent of not less than 3.7 parts by weight and not more than 7.8 parts by weight (on the 
condition that the blending amount of the potassium acetate are not less than 3.5 weight ppm and not more than 
140 weight ppm of the total amount of the prepolymer and the hardening agent, and the blending amount of the 
triethylenediamine is not less than 18 weight ppm and not more than 715 weight ppm of the total amount of the 
prepolymer and the hardening agent) including at least 1 ,4-butanediol of not less than 20 parts by weight and not 
more than 80 parts by weight, trimethylol propane of not less than 20 parts by weight and not more than 80 parts 
by weight, potassium acetate and triethylenediamine are mixed and hardened so that a mol ratio (a valup) of 
hydroxyl group to isocyanate group becomes not less than 0.7 and not more than 0.9. 



4. A cleaning blade mainly installed in an electrophotographic apparatus and mainly comprising polyurethane resin 
to rub and eliminate residual toners, 

the cleaning blade to be obtained in such a manner that prepolymer of 100 parts by weight to be obtained 
by allowing at least either one of butylene adipate polyester polyol having not less than 1000 and not more than 
3000 in the number-average molecular weight or hexylene adipate polyester polyol having not less than 1 000 and 
not more than 3000 in the number-average molecular weight and 4,4*-diphenylmethane diisocyanate of not less 
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than 2,5 mol times and not more than 14.4 mol times of the total amount of the butylene adipate polyester polyol 
and the hexylene adipate polyester polyol to react with NCO% at not less than 8% and not more than 20%, and 
the hardening agent of not less than 6 parts by weight and not more than 1 30 parts by weight (on the condition 
that the blending amount of the potassium acetate are not less than 3,5 weight ppm and not more than 140 weight 
ppm of the total amount of the prepolymer and the hardening agent, and the blending amount of the triethylene- 
diamine are not less than 1 8 weight ppm and not more than 715 weight ppm of the total amount of the prepolymer 
and the hardening agent) including at least either one of butylene adipate polyester polyol having not less than 
1000 and not more than 3000 in the number-average molecular weight or hexylene adipate polyester polyol having 
not less than 1000 and not more than 300C in the number-average molecular weight, 1 ,4-butanediol of not less 
than 20 parts by weight and not more than 80 parts by weight, trimethylol propane of not less than 20 parts by 
weight and not more than 80 parts by weight, potassium acetate and triethylenediamine are mixed and hardened 
so that both of the butylene adipate polyester polyol of not less than 1 part by weight and not more than 99 parts 
by weight and the hexylene adipate polyester polyol of not less than 1 part by weight and not more than 99 parts 
by weight are included and a mol ratio (a value) of hydroxyl group to isocyanate group becomes not less than 0.7 
and not more than 0.9. 

The cleaning blade according to any one of claim 1 to claim 4, which has the international mbber hardness (IRHD) 
of not less than 63*» and not more than 74*', 1 00% modulus (pulling stress) of not less than 2.8 MPa and not more 
than 5.0 MPa, 200% modulus of not less than 6.0 MPa and not more than 18.0 MPa, an elongation of not less 
than 200% and not more than 300% and the peak temperature of tan 6 in case of being measured at 1 0 Hz of not 
less than -5'*C and not more than 10°C. 

An electrophotographic apparatus in which the cleaning blade according to any one of claim 1 to claim 4 is installed. 



.1245602A1J_> 
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FIG. 1 



40 




FIG. 2A FIG. 2B FIG 
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